Abstract-We demonstrate an electrically tunable metasurface element capable of providing phase shifts of nearly 2π based on conducting oxide field-effect dynamics. We further show the controllable diffraction patterns by selective gating the nanoantenna array to a 2-level or 4-level grating system with different applied biases. This work provides insight towards dynamic beam steering, reconfigurable imaging, and high capacity data storage based on electrically tunable metasurfaces.
phase shifts of nearly 2π based on conducting oxide field-effect dynamics. We further show the controllable diffraction patterns by selective gating the nanoantenna array to a 2-level or 4-level grating system with different applied biases. This work provides insight towards dynamic beam steering, reconfigurable imaging, and high capacity data storage based on electrically tunable metasurfaces.
Metasurfaces composed of sub-wavelength artificial structures show promise for extraordinary lightmanipulation and development of ultrathin optical components such as lenses, wave plates, orbital angular momentum detectors, and holograms over a broad range of the electromagnetic spectrum [1, 2] . Post-fabrication control would allow one to access exciting applications such as dynamical beam steering, reconfigurable imaging and high capacity data storage [3] . In this paper, we investigate the integration of transparent conducting oxides [4, 5] into a metasurface for developing an electrically controllable metasurface operating in the near-IR region. We numerically show modulation of phase and amplitude of the reflected light are achieved via conducting oxide field-effect dynamics. The electrically tunable metasurface consists of connected gold nanoantenna arrays patterned on thin Al 2 O 3 and indium tin oxide (ITO) layers, deposited on a gold mirror ( Fig. 1(a) ). By increasing the bias between the top and bottom electrodes, the carrier concentration in ITO (at the Al 2 O 3 -ITO interface) increases and forms an accumulation layer ( Fig. 1(b) ). This results to modification of its complex permittivity and a change in the phase and amplitude of the reflected light. Figure 1(b) shows a schematic of a tunable metasurface element, consisting of 130 nm thick Au mirror, a 16 nm ITO layer, a 5 nm layer of aluminum oxide, and a 50 nm thick Au patch antenna. The dimensions of the patch antenna (180 nm × 60 nm × 50 nm) are chosen such that the magnetic resonance of the structure is located at λ ~ 1265 nm. All nanoantennas are connected with an external gold connection and pad for electrically tunable gating. Figure 1(c) shows an SEM image of the tunable metasurface fabricated with electron beam lithography.
The electromagnetic behavior of the designed structure is modeled with the help of the finite element method. When the permittivity of the active layer of ITO crosses zero (ε-near-zero, ENZ), one observes large electric field enhancement in the accumulation layer. This can be readily understood from the boundary condition imposing continuity of the electrical displacement at the interface of two materials. In addition, we observed that the coupling of the plasmonic resonance of the patch antenna with the ENZ region resonance of ITO generates two resonances that can be used for phase and amplitude modulation. To show the phase modulation, we plotted the change of phase and reflection versus carrier concentration in active ITO at the resonant wavelength at λ ~ 1265 nm and the results are shown in Fig. 1(d) . It can be seen that a large phase modulation of ~ 2π can be realized by applying a bias and the reflection remains almost constant for the whole carrier concentration range that is favorable for developing dynamic grating.
In conclusion, we show the potential of using transparent conducting oxides to form an efficient tunable metasurface operating at near-IR frequency. Numerical simulations show that large phase modulation of ~ 2π can be achieved by electrically modulating the conducting oxide material in the metasurface via field-effect mechanisms. We further show the controllable diffraction patterns by selective gating the nanoantenna array to 2-level or 4-level grating system with different applied biases. Measurements are currently in progress and will be presented at the conference. This work provides insight towards dynamic beam shaping, reconfigurable imaging, and high capacity data storage based on electrically tunable metasurfaces.
